The effects of organic acid, probiotic and a combination of the two on performance and gut morphology in broiler chickens were investigated. Two hundred and forty one-day-old Arbor Acre broiler chicks were randomly assigned to five dietary treatments with six replicates, each with eight birds. The treatments were basal diet (negative control, NC), basal diet + antibiotic (positive control (PC)), NC + 0.4% organic acid (OA), NC + 0.3% probiotic (PB) and NC + 0.4% OA and 0.3% PB. Reduced body weight gain (BWG) was recorded for birds on the NC diet at the starter phase and over the total period. The addition of OA significantly increased BWG compared to values obtained in birds on the NC and other diets. Diet had no effect on BWG at the grower phase or on feed intake, dry matter intake and feed conversion ratio in any growth phase. Gain : feed ratio was lowered in the NC diet, but improved significantly by OA and PB in the starter phase. Organic acid supplementation reduced the weight of the bursa of Fabricius. The weight of pancreas, height of villi and crypt depth were reduced in birds on the NC diet compared with those on OA, PB and a combination of these. Diet had no effects on the weights of the lungs, heart, spleen, kidneys, liver, villus width, villus height : crypt depth ratio, lactic acid bacteria, coliform bacteria and total bacterial count in any gut section. In conclusion, supplementation of broiler diets with OA and PB could improve their growth and gut morphology better than antibiotics would, with a greater positive effect in the starter phase. ______________________________________________________________________________________
Introduction
Vulnerability of poultry to potentially pathogenic microorganisms such as Escherichia coli, Salmonella spp. and Clostridium perfringens has been reported, with pathogenic microflora being established in the small intestine, thereby competing with the host for nutrients and reducing the digestion of fat and fat-soluble vitamins owing to the deconjugating effects of bile acids (Engberg et al., 2000) . This depresses growth performance and increases the incidence of disease. Antibiotics have been used for several decades to combat certain pathogenic diseases in farm animals and improve their growth. The inherent dangers in this include increased resistance by pathogens to antibiotics, and residual amounts of antibiotics in animal products, which have been reported by several authors (Truscott & Al-Sheikhly, 1977; Miles et al., 1984; Waldroup et al., 1985; Hernandez et al., 2006; Pirgozliev et al., 2008) . Although the inclusion of antibiotics in feed has been banned in the EU countries, such legislation has yet to take place in many other countries, including Nigeria, where antibiotics are still used in animal feeding. However, viable alternatives must be sought that would enhance the natural defence mechanisms of animals and reduce the massive use of antibiotics because of their potential hazards. Organic acids, probiotics and prebiotics have been shown to reduce serum cholesterol and the abdominal fat of broiler chickens (Yusrizal & Chen, 2003; Gaggia et al., 2010) , increase performance, improve resistance to pathogenic bacteria colonization and enhance host mucosa immunity, resulting in reduced pathogen load and improved health status of the animal (Yalcinkaya et al., 2008) . Angel et al. (2005) , Yang et al. (2008) and Pirgozliev et al. (2008) reported beneficial effects of dietary additives such as organic acids and probiotics on energy and protein utilization in poultry. Some studies have been conducted to determine the effects of these feed additives on growth indices, serum biochemical parameters and carcass characteristics of broiler chickens (Ashayerizadeh et al., 2011) . However, there is a paucity of information on the efficiency of a combination of probiotic and organic acid supplementation in broiler chickens. It was the aim of this study to investigate the effects of organic acid, probiotics and their combination on the performance, organ weight, gut morphology and microflora in broilers. 
Materials and Methods
Two hundred and forty one-day-old Arbor Acre broiler chicks, with an average initial bodyweight of 43 g, were obtained from a local commercial poultry farm (CHI Ajanla Farms, Ibadan). The birds were weighed and allocated to 30 pens, each with eight birds. Six replicate pens were then randomly allotted to each of the five dietary treatments, and reared in two phases (starter phase, d 0 -21 and grower phase, d 22 -35). Diet 1 (negative control (NC)) was a basal diet with no antibiotics, organic acid (OA) or probiotics (PB). Diet 2 (positive control (PC)) was the basal diet + oxytetracycline, added at the rate of 0.105 g/kg. Diet 3 comprised NC + 4 g/kg OA (Acidomix AFG, consisting of 207 000 mg formic acid/kg, 175 000 mg ammonium formate/kg), 128 000 mg propionic acid/kg and 42 000 mg ammonium propionate/kg). Diet 4 consisted of NC + 0.3% PB (Lactobacillus sporogenes, 50 million CFU, and Saccharomyces cerevisiae, 1.5 x 10 8 CFU). Diet 5 consisted of NC + OA and PB. The birds were fed in groups of eight, and records of feed intake and body weight gain were used to compute feed conversion ratio per bird. Feed and water were given ad libitum.
The feed for both starter and grower phases (Table 1 ) was formulated to meet the nutrient requirements of the birds according to the recommendations of NRC (1994) . The proximate composition of the diets (Table 2 ) was determined by the methods of AOAC (2000). On d 35, two birds per replicate were sacrificed by cervical dislocation, and a section of the ileum (the portion of the small intestine extending from the vitelline diverticulum to a point 40 mm proximal to the ileo-caecal junction) was removed. An approximately 2-cm segment from the two-thirds portion of the ileum from the ileo-caecal junction was further excised, flushed with distilled water and immediately preserved in 10% buffered formalin solution, and processed to measure villus height and crypt depth. Microbial count was done using the methods described by Barrow & Feltharn (1993) . Media were prepared according to manufacturer's specification. The standard plate count technique was used to determine the microbial load. One millimetre of the digesta was used for serial dilution in sterile 15 mL test tubes, containing 9 mL 0.1% sterile peptone water and vortexed. Serial dilution of digesta was made to 10 −3 dilution level. One mL of the dilution was pipetted and inoculated on plate count agar and MacConkey agar, and was incubated at 37 ºC for 18 -24 h. Discrete colonies on plates were counted using a colony counter and estimated in log10 CFU/mL.
Data obtained were subjected to analysis of variance (ANOVA) using the statistical analysis software package of SAS (2005) . Means were separated, using Tukey's honest significant difference test of this package, and significant level of P <0.05 was used. 
Results and Discussion
The performances of broilers are shown in Table 3 . Diet did not affect feed intake, dry matter intake and feed conversion ratio. Body weight gain of chicks on the OA diet in the starter phase was higher (P <0.05) than that of chicks in the PC and other diets. Gain : feed ratio was improved (P <0.05) in the starter phase only by OA and PB supplementation compared with the other diets. Performance showed a significant growth-promoting effect by OA and PB. The significant effect of OA on body weight gain is similar to the findings of Dibner & Buttin (2002) that organic acids have effects that go beyond those of antibiotics, which include reduction in digesta pH, increased pancreatic secretion and trophic consequences on the gastrointestinal mucosa. The dietary additions of organic acids and probiotic had no significant effects on performance traits, indicating a lack of additive effect of both dietary supplements. Generally, there are inconsistencies in reports in the literature on the beneficial effects of probiotics and organic acids on broiler growth performance. Angel et al. (2005) recorded that under favourable rearing conditions, without disease or stress, dietary supplementation with probiotics had no beneficial effects on broiler growth performance. In a study by Timmerman et al. (2006) , it was reported that the positive effects of probiotics on highperformance broilers were lower than in low-performing birds. Houshmand et al. (2012) , in agreement with the results of Hernandez et al. (2006) , did not find positive effects of organic acid (formic acid) on performance. In this study, body weight gain was significantly affected by organic acid in the starter phase. It can be concluded, in agreement with Yang et al. (2009) , that the inconsistencies of reports on the effects of these feed additives on performance could be related to factors such as the environment, management, nutrition, type of additive, dosage and bird characteristics (age, species, stage of production). The effects of the diets on organ weight and gut morphology are shown on Table 4 . Diet had no effects on lung, heart, spleen, liver, kidney and villus width. The villus crypt is regarded as the villus factory, and deeper crypts indicate fast tissue turnover to permit renewal of the villus as needed in response to normal sloughing or inflammation from pathogens or their toxins and high demands for tissue (Yason et al., 1987) . There was a significant increase (P <0.05) in the villus height and depth of the intestinal crypt of birds fed OA, PB, and PC compared with NC, but crypt depth decreased in the NC + OA + PB group. Xu et al. (2003) reported that decreased crypts depth may lead to poor nutrient absorption, increased secretion in the gastrointestinal tract and lower performance. Similar results were observed by Hernandez et al. (2006) with formic acid, which increased the crypt depth of the small intestine. Garcia et al. (2007) observed improved villus height and significant increase in crypt depth, but villus surface area was not influenced. Abdel-Fattah et al. (2008) reported that the addition of any level and source of organic acid enhanced feed digestion and absorption because of increased small intestine density, which is an indication of the intestinal villi dimension. The weight of the bursa of Fabricius was significantly reduced in the OA diet compared with the other diets. This result is presumably because the bursa of Fabricius plays an important role in developing immunity against Gumboro in chickens. With an attenuated strain of Gumboro virus colonizing the bursa, it atrophied by three to six times between 8 and 10 days post infection. The recovery phase could last up to 35 days, depending on the virulence of the virus strains. The size of the bursa of Fabricius becomes smaller as bodyweight increases, resulting in a lower bursa weight to bodyweight ratio, linked mostly with improved absorption of nutrients by the addition of OA. Similarly to the PC diet, the OA, PB and OA + PB diets significantly increased the weight of the pancreas. The pancreas plays an essential role in digestion and regulation of blood sugar, and contains pancreatic juices that bring about its enlargement for efficient digestion processes of fats, carbohydrates and proteins from the addition of OA and PB. Crypt depth increased significantly (P <0.05) in the OA and PB diets, similar to the PC diet, but was lower in the NC + OA + PB group. This could be because of a synergic effect of OA and PB. The effects of diets on the intestinal microbiota are shown in Table 5 .
There were no effects of diet on the coliform count in the duodenum, ileum, colon and caecum, and total bacteria count in the ileum and caecum, but the coliform and total bacteria counts were lower in the OA diet compared with the other diets. These findings are similar to those reported by Ramarao et al. (2004) , who found that the addition of gut acidifier in broiler diets at the rate of 300 g/100 kg feed showed a reduction in coliform count. Fumaric and sorbic acid lowered the numbers of coliforms in the ileum and caeca (Pirgozliev et al., 2008) . This result agrees with other findings that reported that probiotics benefit the host animal by stimulating synthesis of vitamins of the B-group, improving immunity stimulation, preventing harmful microorganisms, providing digestive enzymes and increasing production of volatile fatty acids (Coates & Fuller, 1977; Fuller, 1989; Rolfe, 2000) . However, acidification of diets with weak organic acids such as formic, fumaric, propionic, lactic and sorbic has been reported to decrease the colonization of pathogens and production of toxic metabolites, improve the digestibility of protein and Ca, P, Mg and Zn, and serve as substrates in intermediary metabolism (Kirchgessner & Roth, 1988) . These findings show that organic acids can safely replace antibacterial compounds in broiler chicken diets with beneficial effects on the intestinal bacterial colonization. There were no significant (P >0.05) differences in the gut microbiota of birds on dietary treatments, although broilers fed the organic acid-supplemented diet had an increased lactobacillus count in the duodenum, ileum and colon. The result is similar to the findings of Thirumeignanam et al. (2006) , who reported a decrease in total bacterial load with concomitant increase in lactobacilli load because of dietary acidification. Alp et al. (1999) reported that the inclusion of an antibiotic and an organic acid mixture that contains lactic, fumaric, propionic, citric and formic acid separately or combined, reduced the Enterobacteriaceae count in the ileum of broilers. related that an organic acid mixture of formic and propionic acid treatment decreased Salmonella in the crops of hens. Gunal et al. (2006) reported that the addition of probiotics alone or a combination of probiotics with organic acid mixture treatments to diets decreased ileal and caecal gram-negative bacteria counts at 21 days or at 42 days. Engberg et al. (2000) found that Enterococcus faecium (Cylactin) treatments to diets reduced aerobic and coliform bacteria counts. 
Conclusion
The inclusion of organic acid and probiotic alone in diets with no antibiotics improved body weight gain in the starter phase and overall period. But this advantage was not obtained when the additives were added in combination to the NC diet. Organic acid, probiotics and a combination of the two improved gut morphology, increased the weight of the pancreas and reduced pathogenic bacteria in the gut.
